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Table 1- Details of fuel sample preparation for the amount of one liter of fuel

e gus i) S o (5l S gaw digai (5 jlwoslel W3 -Y Jgu

Sample volume (L) n-Butanol Aceton Bioethanol Gasoline Order

1000 0 0 0 1000 1
1000 0 0 20 980 2
1000 0 0 50 950 3
1000 0 0 70 930 4
1000 0 0.4 20 979.6 5
1000 0 1 50 949 6
1000 0 1.4 70 928.6 7
1000 0 1 20 979 8
1000 0 25 50 947.5 9
1000 0 35 70 926.5 10
1000 0 1.4 20 978.6 11
1000 0 35 50 946.5 12
1000 0 4.9 70 925.1 13
1000 0.4 0 20 979.6 14
1000 1 0 50 949 15
1000 1.4 0 70 928.6 16
1000 1 0 20 979 17
1000 2.5 0 50 947.5 18
1000 35 0 70 926.5 19
1000 1.4 0 20 978.6 20
1000 3.5 0 50 946.5 21
1000 4.9 0 70 925.1 22
1000 0.4 0.4 20 979.2 23
1000 2.5 1 50 946.5 24
1000 4.9 1.4 70 923.7 25
1000 0.4 1 20 978.6 26
1000 2.5 25 50 945 27
1000 4.9 35 70 921.6 28
1000 0.4 1.4 20 978.2 29
1000 2.5 35 50 944 30
1000 4.9 4.9 70 920.2 31
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Table 2- Fuel properties
S g plgS Y Joua
Density (g/cm3) LHV (Mj/kg) Flash point (‘C) Viscosity (cSt) Cloud point (‘C)

1 0.72 32.321 87.0 0.743 0
2 0.73 32.082 86.3 0.743 1.06
3 0.75 31.755 86.2 0.745 2.65
4 0.76 31.537 86.2 0.746 3.71
5 0.74 32.659 86.1 0.759 1.06
6 0.76 32.312 86.1 0.760 2.65
7 0.77 32.081 86.0 0.760 3.71
8 0.75 33.524 86.1 0.782 1.06
9 0.76 33.149 85.9 0.782 2.65
10 0.78 32.898 85.9 0.782 3.71
11 0.76 34.101 86.9 0.797 1.06
12 0.77 33.706 86.7 0.797 2.65
13 0.78 33.443 86.5 0.797 3.71
14 0.78 32.607 86.2 0.759 1.74
15 0.80 32.260 86.7 0.760 3.33
16 0.81 32.029 86.6 0.761 439
17 0.86 33.394 86.4 0.783 2.76
18 0.88 33.019 86.3 0.783 435
19 0.89 32.768 86.2 0.784 5.41
20 0.91 33.919 86.1 0.799 3.44
21 0.93 33.524 86.2 0.799 5.03
22 0.94 33.261 86.0 0.799 6.09
23 0.79 33.184 85.9 0.775 1.74
24 0.88 33.576 86.0 0.798 435
25 0.94 33.806 86.5 0.813 6.09
26 0.80 34.049 86.3 0.798 1.74
27 0.89 34.413 86.2 0.821 435
28 0.95 34.623 86.3 0.835 6.09
29 0.81 34.626 86.1 0.813 1.74
30 0.90 34.971 85.9 0.836 435
31 0.96 35.168 86.1 0.850 6.09
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Table 3- Spark ignition engine specifications
Gl 48,2 Jlaichl ;99 g0 Glasio Y Jgaz

Company-type | Loncin 4 stroke single cylinder
Power 6 hp

Fuel Gasoline

Volume 02L

Cooling system Air cooling

Weight 20 kg

02295 Jald g ol 9 S8 Sy iy jaikes SO jgige JalS gy bl 0 s55e Ggesl el sl
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Table 4- Accuracy and uncertainty values
Corbad pus g Cdd polio -F Jaus

Parameter Accuracy  Resolution Parameter Uncertainty Percentage uncertainty (%)
Engine load +1 0.1 N F flow rate 0.31 (g/h) 4.20
Engine speed +1 1 rpm
UHC +1 1 ppm Air flow rate 0.964 (g/h) 4
CO, +1 0.1 % BP 0.047 (kW) 0.001
NOx +1 1 ppm BSFC 0.179 (g/kWh) 1.015
CO +1 1 ppm
(0)3 +1 0.1 %
Temperature +0.35 1°C
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Figure 1- Engine test flowchart
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Table 5- The results of analysis of variance to investigate the effect of gasoline on gasoline engine performance and emissions

9 g0 G Syl 59 Sas 55 (1wl oy g1yt byl IGT (2l @b -0 Jgoo

Sum of Squares df Mean Square F Sig.
Between Groups (Combined) 185 19 .010 11.559 .000
BP*G Within Groups 192 11 .017
Total 377 30
Between Groups (Combined) .024 19 .001 7.900 .000
BTE*G Within Groups .015 11 .001
Total .039 30
Between Groups (Combined) .012 19 .001 8.191 .000
BSFC*G Within Groups .006 11 .001
Total .018 30
Between Groups (Combined) 31.856 19 1.677 9.407 .000
02*G Within Groups 45.353 11 4.123
Total 77.210 30
Between Groups (Combined) 155.060 19 8.161 10.130 .000
CO2*G Within Groups 79.414 11 7.219
Total 234.474 30
Between Groups (Combined) 6.18E+08 19  3.25E+07 4213 .008
CO*G Within Groups 8.10E+07 11 7.37E+06
Total 6.99E+08 30
Between Groups (Combined) 2.34E+04 19  1.23E+03 4761 .005
NOx*G Within Groups 7690.243 11 699.113
Total 31079.038 30
Between Groups (Combined) 2872.924 19 151.207 4.290 .006
NO*G Within Groups 5743.102 11 522.100
Total 8616.025 30
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Table 6- Analysis of variance evaluation results to investigate the effect of bioethanol on gasoline engine performance and emissions

O 990 S Sau¥T 55,5 o 50 Joillan sl (o)1 sy il slg 3IUT ()l gl -8 Jguxr

Sum of Squares df Mean Square F Sig.
Between Groups  (Combined) .019 3 .006 3473 .013
BP*B Within Groups 358 27 .013
Total 377 30
Between Groups  (Combined) .001 3 .000 4200 .007
BTE*B Within Groups .039 27 .001
Total .039 30
Between Groups  (Combined) .000 3 .000 3.195 .016
BSFC*B Within Groups .018 27 .001
Total .018 30
Between Groups  (Combined) 5.066 3 1.689 3.632  .009
02*B Within Groups 72.144 27 2.672
Total 77.210 30
Between Groups  (Combined) 7.748 3 2.583 308 .820
CO2*B Within Groups 226.726 27 8.397
Total 234.474 30
Between Groups  (Combined) 8.51E+07 3 2.84E+07 3248 .015
CO*B Within Groups 6.14E+08 27 2.27E+07
Total 6.99E+08 30
Between Groups  (Combined) 1417.359 3 472.453 4.430 .006
NOx*B Within Groups 29661.679 27 1098.581
Total 31079.038 30
Between Groups  (Combined) 455.958 3 151.986 12.503 .000
NO*B Within Groups 8160.067 27 302.225
Total 8616.025 30

Table 7- Analysis of variance evaluation results to investigate the effect of acetone on gasoline engine performance and emissions

U 9 90 G ST 55 Slas 55 (gl T oy (61 uilyls JILT (25 @S -V Jgur

Sum of Squares df Mean Square F Sig.
Between Groups  (Combined) .229 3 .076 13.964 .000
BP*A Within Groups .148 27 .005
Total 377 30
Between Groups  (Combined) .000 3 .000 5.052  .003
BTE*A Within Groups .039 27 .001
Total .039 30
Between Groups  (Combined) .001 3 .000 293 .830
BSFC*A Within Groups .018 27 .001
Total .018 30
Between Groups  (Combined) 13.438 3 4.479 3.897 .010
O2*A Within Groups 63.771 27 2.362
Total 77.210 30
Between Groups  (Combined) 4.566 3 1.522 4.179 .008
CO2*A Within Groups 229.908 27 8.515
Total 234.474 30
Between Groups  (Combined) 6.64E+07 3 2.21E+07 3.945 .009
CO*A Within Groups 6.32E+08 27 2.34E+07
Total 6.99E+08 30
Between Groups  (Combined) 1753.188 3 584.396 3.299 .012
NO*A Within Groups 6862.837 27 254.179

Total 8616.025 30
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Table 8- Analysis of variance evaluation results to investigate the effect of n-butanol on gasoline engine performance and emissions

U 990 S Suu¥T 55 Shas 55 Jeilig - ol ;ST oy 2 g1y il sl WIGT (23l @b —A Jour

Sum of Squares df = Mean Square F  Sig.
Between Groups (Combined) .074 3 .025 6.214  .001
BP*n Within Groups 302 27 011
Total 377 30
Between Groups (Combined) .029 3 .010 26.545  .000
BTE*n Within Groups .010 27 .000
Total .039 30
Between Groups (Combined) .014 3 .005 25.996  .000
BSFC*n Within Groups .005 27 .000
Total .018 30
Between Groups (Combined) 44.576 3 14.859 12.294  .000
02*n Within Groups 32.633 27 1.209
Total 77.210 30
Between Groups (Combined) 172.405 3 57.468 24.999  .000
CO2*n Within Groups 62.069 27 2.299
Total 234.474 30
Between Groups (Combined) 4.01E+08 3 1.34E+08 12.101  .000
CO*n Within Groups 2.98E+08 27 1.10E+07
Total 6.99E+08 30
Between Groups (Combined) 22780.152 3 7593.384 24705  .000
NOx*n Within Groups 8298.886 27 307.366
Total 31079.038 30
Between Groups (Combined) 5431.908 3 1810.636 15.353  .000
NO*n Within Groups 3184.117 27 117.930
Total 8616.025 30
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Figure 2- The effect of fuel samples on the braking power of gasoline engine
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Figure 3- Effect of fuel samples on braking thermal efficiency of gasoline engine

VY



VEY 5k g 0)lod @aozild Jlo (3l il g o gu (cdagl —(oole 780

BSFC (kg/kWh)

0.2

0.18 -

016 | {1~ o - -

0.14 = 2

0.12

01

0.08

0.06

0.04

0.02

0
[ = e R e e e R R R e R B = R o e B B o B o B o T el el sl e L T el o B B i o (L B o)
A A A A A A A A N Y VAN s
oAUV UNDDDoOOOEEEELAMUANVI VYV
SSERQERQEESERQSRRQARSERSERHER]IER
[<ajaalaalaalealyaayaalaalaaiaaloaiyaalyealyaalyaaioaloaiaalaayaallyaaiyaalaajaalaaliyaaliyaaiaaiaajaajiaal

SRR IP P S0 0529 CS g B pan y LS g diged yiU-F YL
Figure 4- The effect of fuel samples on the fuel consumption of gasoline engine braking
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Figure 5- The effect of fuel samples on gasoline engine oxygen emissions
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Figure 6- The effect of fuel samples on the emission of carbon dioxide from gasoline engines
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Figure 7- Effect of fuel sample on carbon monoxide emission of gasoline engine
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Figure 8- The effect of fuel samples on nitrogen monoxide of gasoline engine
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Figure 9- Effect of fuel sample on nitrogen oxides of gasoline engine
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The general goal of this research is to find the right fuel composition containing bioethanol, gasoline, acetone
and n-butanol in order to increase engine performance and reduce engine pollutants and energy production
costs. In this research, in order to use sample fuels, a single cylinder engine was coupled with a SkWh
generator. A TDGC2-5kVA type variable resistor and a 1kW heater were used to load the motor. By
measuring the power of the motor, the amperage and voltage of the electricity were measured. It should be
noted that the engine test was performed at full load (100% load) and a fixed speed of 1500 rpm as the rated
speed of the engine. Based on the obtained results, adding n-butanol from 2 to 5% caused a relative decrease
and from 5 to 7% caused a relative increase in braking power. The lowest amount of braking power was
obtained in the range of combined additives of bioethanol and n-butanol without acetone. The highest amount
of braking power was obtained in the highest percentage of n-butanol, acetone and bioethanol additives in the
gasoline fuel sample. In this interval, the thermal efficiency was also higher than the control fuel sample and
the special braking fuel consumption was also lower than the control fuel sample. The highest amount of
nitrogen monoxide emission was relatively in the sample of fuels containing combined additives of
bioethanol and n-butanol. The lowest amount of nitrogen monoxide emission occurred in the fuel sample
containing the combination of bioethanol and acetone. By adding n-butanol to fuel samples, the emission of
nitrogen oxides increased. The results also showed that the effects of these additives can be highly dependent
on engine design, operating conditions, and the specific blend ratios used. This research paves the way for
several future research directions in the field of alternative fuel additives and spark ignition engines.
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